The Concept of Attention Our capacity for processing of information is limited; only a small part of the information available at the level of the sensory surfaces is perceived consciously and able to influence our behavior. The term attention captures the cognitive functions which are responsible for filtering out unwanted information and bringing to consciousness what is relevant for the organism. Our brain continuously assigns priority to some aspects of sensory information over others, and this selection is likely to determine which of the signals will enter our consciousness and memory and influence our overt behavior and trains of thoughts. Closely related to this aspect of selectivity is the assumption that the available quantity of attention is finite. Attending to one stimulus must necessarily reduce the resources available for other stimuli, a property believed to reflect capacity limitations that cannot be attributed to mere limitations of our sensory or motor systems. A final aspect guiding current thinking is the concept, well supported by experimental evidence, that attention can be allocated in two ways. Attention is either grabbed by the sensory stimulus automatically, in a bottom-up fashion, without any voluntary choice, or it is alternatively deployed voluntarily in a top-down manner.
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For a long time, clever psychophysical paradigms were the only means to get a handle on the functional architecture of attention, an approach which necessarily offered only limited information on the underlying neuronal hardware. This has changed with the advent of methods which allow us to correlate measures of perception and depending on attention with the signatures of neuronal activity. The modern neuroimaging techniques like positron electron tomography (PET) and functional magnetic resonance imaging (fMRI) have allowed us to delineate the structures in the human brain using and deploying attention. On the other hand, the increasing sophistication of behavioral paradigms in studies of experimental animals, especially monkeys, has allowed us to analyze the effects of attention at the level of single neurons.
Both approaches have led to significant advancements in the understanding of the neuronal underpinnings of attention. Many of these insights are based on studies of visual attention. However, this emphasis on the visual domain does not mean that attention is more important in the visual than in other sensory domains. Rather this focus on visual attention is the consequence of pragmatically exploiting our highly developed understanding of the organization of the visual system and the relative ease with which visual stimuli may be controlled.
Psychophysical Investigation of Attention
Specific psychophysical paradigms have been used to address different aspects of attention. These experiments have been applied predominantly in the acoustic and visual domains, the latter being our focus here. Selectivity provided by attention has usually been studied by filtering tasks requesting the subject to report an attribute of one stimulus out of an array of simultaneously presented stimuli that satisfies a given selection criteria: 'report whether the green number presented amidst the set of numbers is even or not'. The two main questions here are which selection criteria are effective and to what extent stimuli that do not satisfy the criterion are ignored.
The overwhelming majority of studies suggest that selection by simple, physical attributes such as brightness, colour or location are much more effective in filtering tasks than criteria requiring a more difficult discrimination such as identification of stimuli based on semantic criteria. In many filtering tasks, subjects have been shown to remember barely any of the stimuli that were to be ignored. Yet, under some conditions of attentional selection semantic analysis of rejected stimuli occurs.
A second experimental approach is offered by monitoring and search tasks (divided attention tasks) designed to test for capacity limitations. Similar to filtering tasks, multiple stimuli are presented simultaneously, but subjects have to report aspects of more than one of the stimuli. The question asked is whether subjects may reach the same level of accuracy in discriminating stimuli presented simultaneously as compared to stimuli given in succession.
Applying this strategy, capacity limitations already appear when only two targets must be detected and reported. For instance, a mere change in instruction induces differences in the detection of two target characters presented among two spatially separated pairs of characters. If the subjects are required to report how many targets are present anywhere in the display, their performance for simultaneously and successively presented stimuli will be equally good. However, when the task is to indicate for each pair of characters individually whether a target is present or not, the accuracy in the simultaneous condition is significantly reduced. In other words, the change in instruction results in an impaired detection of targets that were clearly recognized when attention was not restricted to a subset of the display. The obvious interpretation is that once the observer directs his attention to a particular source, such as to one of the pairs in order to detect the target there, processing of information at any other location is reduced.
How is attention controlled and what are the perceptual advantages offered by attention?
These questions are usually addressed by cueing tasks assessing whether knowledge of the target provided in advance will improve the analysis. A paradigm is shown in Figure 1 requiring the discrimination of the orientation of a conventional Landolt 'C' optotype -a type of standard visual symbol -briefly presented at one of two possible positions in the visual field while the subject fixates a central spot. In order to test whether the subject will be better able to discriminate the target orientation if the location of presentation is known in advance, acuity thresholds are measured for two conditions differing with respect to whether a spatial cue flashed at the position of the target following a few 100ms later is absent or present. A difference between thresholds for the 'cue-' and the 'no-cue-condition' would demonstrate the effect of allocating spatial attention. Recent studies using similar displays have indeed shown that spatial attention improves the performance in such comparatively low-level spatial resolution tasks. Importantly, this holds not only for multiple element displays (discrimination of one target among many distractors) but also for single element displays like the one depicted in Figure 1 suggesting that these effects are not entirely due to 'noise reduction', that is the exclusion of non-targets from analysis, but also due to enhanced spatial resolution ('signal enhancement').
Attention and Eye Movements
Goal directed eye movements such as saccades allow us to bring visual targets of interest onto the fovea, the retinal region of highest spatial resolution, and are an obvious instrument of visual selection. For this reason, saccades are sometimes referred to as overt shifts of spatial attention and opposed to covert shifts that enable us to allocate spatial attention to a position in the visual field different from the stimulus seen by the fovea. As for covert shifts of attention, saccades can be performed either voluntarily, or induced automatically by salient targets suddenly appearing in the visual periphery. In both cases, the execution of saccades requires the extraction of the location of the target. It has been argued that this information may be offered or improved by a preceding covert shift of attention and that covert and overt shifts of spatial attention may be coupled in an obligatory manner.
This hypothesis has gained experimental support by dual-task paradigms, requiring a goal directed saccadic eye movement combined with a target discrimination task. For instance, if a letter, tachistoscopically presented amidst a set of distractor elements, has to be discriminated, discrimination is facilitated if the letter, rather than one of the distractor elements, serves as a target of an ensuing saccadic eye movement. The inability to shift attention away from the saccade target selected is shown by the finding that subjects are unable to perceptually benefit from prior knowledge of the position of the letter, if the letter position is different from the position of the saccade target. The preparation of a saccade towards a location appears to induce a concurrent shift of attention towards the same location. In view of this tight coupling covert and overt shifts of attention might share a significant part of the neuronal machinery for planning and executing shifts of attention. In its most explicit terms this premotor theory of attention assumes that attention is shifted covertly to a given location by eye movement motor commands disconnected from the oculomotor effectors.
Deficits in Attention
The first and still an important source of information on the brain substrates of attention have been studies of attentional deficits following brain lesions. This approach very early on pointed to an important role of parietal cortex, the thalamus, and midbrain structures such as the superior colliculus. For instance, patients with damage of parietal cortex can present with deficits in disengaging attention from a cued location in the ipsilateral hemifield rendering the detection of (invalidly cued) targets in the opposite hemifield grossly O r ie n t a t io n I n t e n s it y S a li e n c y M a p
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